Meioses in pollen mother cells (PMCs) were examined by the conventional staining and the CMA-staining methods in 15 clones of Cryptomeria japonica D. Don carrying three different karyotypes identified and classified by the characteristics of interstitial chromomycin A3 (CMA)-band or secondary constriction on the 6th chromosome pair. Before fixation of PMCs, a newly developed hypotonic treatment was applied for easy and constant preparation of well-spread meiotic chromosomes.
INTRODUCTION
The karyotype of Cryptomeria japonica D. Don is composed of 22 metacentric chromosomes (Sax and Sax, 1933; Mehra and Khoshoo, 1956 ). The secondary constrictions appeared constantly on the 10th chromosome pair but variably on the 6th chromosome pair. Thus, three karyotypes were recognized in this species as to the secondary constriction on the 6th chromosome pair (Toda, 1979a, b; Somego, 1980) . Recently, Kondo et al. (1985) reported that two to four CMA (chromomycin A3)-bands and nucleoli were formed maximally in number and those CMA-bands were identical in number and location to the secondary constrictions. Furthermore, Toda (1981 Toda ( , 1982 and Somego et al. (1982) observed irregular meiosis in three clones of C. japonica with the heteromorphic 6th chromosome pair, Fukuokasyo 2, Iwaosugi (Saga 3) and Nishikawa 2. They postulated that those heteromorphic chromosomes were genetically different from each other and caused meiotic irregularity.
Meiotic chromosome behavior in many more clones of C. japonica should be analyzed in order to clarify the relationship between the heteromorphic 6th chromosome pair and the meiotic irregularity, and to find out which chromosome directly causes the irregularity. The meiotic chromosomes in PMCs (pollen mother-cells) of 15 clones of C. japonica marked with their CMA banding patterns and karyotypes with secondary constrictions (Kondo et al., 1985) were examined here using a newly developed hypotonic-treatment method, as to whether or not the heteromorphy of the CMA-band or the secondary constriction of the 6th chromosome pair directly influenced the meiotic consequences.
MATERIALS AND METHODS
Trees of the 15 clones of Cryptomeria japonica D. Don (2n=22), which were previously studied on their CMA banding patterns, number of secondary constrictions and maximum numbers of nucleoli by Kondo et al. (1985) , were used in the present study (Table 1) . They were artificially selected as the elite tree clones in growth and wool quality in Shikoku District, Japan, and propagated vegetatively for reforest trees. Male strobili development was induced and developed by spraying 100 ppm gibberellic acid twice in July 1985 and 1986 [see Hashizume (1962 for the method], and the strobili formed were collected in the morning of fine days in Mid-October.
PMCs in some of these male strobili were smeared on glass slides and stained with 2% aceto-orcein for prescreening for right stages of meiosis. If meiotic stage was desirable for analysis of chromosome configuration, about ten male strobili were collected and squeezed in a hypotonic solution (0.075 M KCl) in vials or microtubes by a pair of forceps to discharge PMCs. The PMC suspension was immediately filtrated with double layers of the Miracloth (Calbiochem-Behring Corp., U.S.A.) to remove the debris and large fragments of male strobili. The filtrated PMC suspension was placed at room temperature (about 20-25°C) for 15-30 min. After the hypotonic treatment the PMC suspension was centrifuged at 1000 rpm (about 100 X g) for 3 min and the supernatant was decanted.
The pellet was suspended in small volume of the KCl solution and a twice volume of the ice-cold fixative (ethanol-acetic acid, 3:1) was added to the PMC suspension. After the centrifugation again the pellet was resuspended in small volume of the fixative and stored in a refrigerator till observation.
The meiotic chromosomes were prepared by a flame drying or a squash-dry ice method from the fixed PMC suspension pretreated with the hypotonic solution and then were air-dried.
The meiotic chromosomes prepared by either the flame drying or the squash-dry ice method were well scattered for clear observation. The preparations of meiotic chromosomes were quickly and well stained with 1% aceto-carmine and 2% aceto-orcein.
Chromosome pairing at meiotic mataphase I and segregation of chromosomes at later stages were observed. Pretreated with 0.1 mg/ml distamycin A the chromosomes were stained with the guanine specific fluorochrome, 0.1 mg/ml chromomycin A3 (CMA) following Schweizer (1976) and Kondo and Hizume (1982) .
RESULTS AND DISCUSSION
Premeiotic interphase chromosomes were of homogeneous mass of fibrous and granular chromatins (Fig. 1A) . At leptotene-zygotene stages the chromosomes were of a mass of fibrous chromatins (Fig. 1B) . At pachytene and diplotene a lump but not separable chromosomes was observed (Fig. 1C) . No nucleolus was found. From diakinesis to metaphase 111 bivalents were easily counted (Fig.  1D) . The bivalents were from 5-7 ,um in length. Chiasmata were observed at the interstitial region and at both distal ends. Some bivalents without any interstitial chiasma were either ring-or rod-shaped.
Some bivalent chromosomes were conjugated only at the interstitial region with free ends. In the clone of Syusou 5 numbers of univalents ranged from 2-4 at frequency of 26.4% ( Fig. 3A) . At anaphase I the bivalents were equally separated and segregated to both poles (Fig, 1E) . The chromosomes were diffused at telophase I (Fig. 1F ) and then later formed the interphase nuclei. They were immediately condensed to form prophase chromosomes in the normal meiosis (Fig. 1G) . The meiotic second division and cytokinesis proceeded synchronously to form tetrads (Fig. 1H ) which developed later into pollen. Since Cryptomeria japonica possessed certain variation of secondary constriction on the 6th chromosome pair, three karyotypes were well recognized. This Bar represents 10 pm.
C, E) and CMA (B, D, F)
A and B, Syusou 11 with F, Syusou 22 with four variation was easily identified by the CMA staining method.
Chromosome pairing at metaphase I, chromosome segregation at anaphase I, and occurrence of micronucleus at tetrad stage in meiosis of PMCs were observed in the 15 clones of C. japonica to determine whether or not this karyotype variation influences meiosis. Most of the 15 clones studied formed normal 11 bivalents at metaphase I (Fig. 2) , segregated normally at anaphase I and did not have any micronucleus at tetrad stage (Tables 1-3 ). However, two clones, Syusou 5 and Syusou 11 had a few cells showing abnormal meiosis. Syusou 5 carrying heteromorphic CMAband or secondary constriction on the 6th chromosome pair exhibited two or four univalents in 26.4% of the cells observed (Figs. 3A and 4 ) and the micronucleus in 4.8% (Fig. 3B) . The ring-and rod-shaped bivalents without any interstitial chiasma were more frequently observed in this clone than in the other clones. Syusou 11, which lacked the secondary constriction on the 6th chromosome pair, formed normal 11 bivalents at metaphase I and showed regular chromosome segregation at anaphase I, but formed multinuclei or micronuclei in 9.4% of the tetrads (Tables 1-3) .
By the CMA fluorescent staining, the meiotic chromosomes at metaphase I in PMCs revealed 2-4 bright CMA-bands at the secondarily constricted regions of the 6th and 10th chromosome pairs (Figs. 2 and 4) . The bivalents of the 6th and 10th chromosome pairs were easily identified by the localized CMA-bands.
In the 619 cells examined no chiasma was observed at the CMA-band region. Seven Table 1 . Chromosome configurations at meiotic metaphase I in PMCs of 15 clones of Cryptomeria japonica clones possessed one CMA-band on the 6th chromosome pair formed also normal 11 bivalents (Table 1 , Fig. 2C, D) . A chromosome with a CMA-band paired normally with the other chromosome without any CMA-band to form heteromorphic 6th chromosome pair (Fig. 2D) .
In Syusou 5 abnormal meiotic figures at metaphase I in 114 PMCs were stained with CMA to examine whether all univalents were from the heteromorphic 6th chromosome pair or not (Fig. 4) . Twenty-nine (25.4%) out of 114 PMCs showed two univalents, one with CMA-band and the other without it, derived from the heteromorphic 6th chromosome pair, seven PMCs (6.1%) showed two univalents, both with CMA-band, derived from the 10th chromosome pair, and 78 PMCs (68.4%) showed two univalents without any CMA-band, derived from other chromosome pairs. Two univalents without any CMA-band, appeared most frequently, but the average frequency per chromosome pair (7.6%) was lower than the expected frequency of 9.1% and was similar to that of the 10th chromosome pair. A test as to whether or not the heterozygous 6th chromosome pair forms univalents at the same frequency as the other chromosome pairs, showed significantly higher univalent frequency for this chromosome pair than the other chromosome pairs. This fact suggests that in Syusou 5 the heteromorphic chromosomes of the 6th chromosome pair are genetically different from each other, resulting in frequent univalent formation or early bivalent separation. Although Toda (1981 Toda ( , 1982 and Somego (1982) suggested that irregular meioses in certain clones of Cryptomeria japonica might be cause directly or indirectly by the heteromorphic pair of the 6th chromosomes, it was not clear whether the chromosome pair which undergoes univalent formation or early chromosome separation in the meiotic first division is the heteromorphic 6th chromosome pair or other chromosome pair. In the present observation most clones performed normal meiosis, regardless whether they carry the heteromorphic 6th chromosome pair or not. It is concluded that in these clones of C. japonica the A, two univalents carrying no CMA-band. B, two univalents carrying CMA-band. C, a univalent carrying CMA-band and three univalents carrying no CMA-band. Bar represents 10 pm. 
